A simple solid-phase enzyme-linked immunosorbent assay procedure for the detection of human antibodies to Entamoeba histolytica was developed which showed a high degree of correlation with the agar gel diffusion, counterelectrophoresis, and indirect hemagglutination methods, as well as with clinical data. The enzyme-linked immunosorbent assay is rapid (1 h 15 min, total incubation time), and the reported values are referenced to a positive control so that they correlate with levels of antibody sufficient to be detected by the gel diffusion methods. The enzyme-linked immunosorbent assay is highly reproducible, specific, and sensitive; it can be used qualitatively or quantitatively.
The diagnosis of invasive amebiasis, particularly extraintestinal infections, is being increasingly assisted by serology because of the availability and improved reliability of immunoassay procedures. Serological tests may play an important role in the diagnosis of clinical amebiasis including abscess, and some cases would have been undetected if not for serology (6, 7, 10, 11, 19, 20, 25) . It has even been recommended that all patients with inflammatory bowel disease have a serological test for amebiasis (13) .
The agar gel immunodiffusion (AGD), counterelectrophoresis (CEP), and indirect hemagglutination methods stand out among those which are now well accepted for use in the serodiagnosis of amebiasis. Although indirect hemagglutination has been used most often, especially in epidemiological studies (3, 9, 12, 15) , AGD and CEP are felt to be somewhat more reliable for clinical amebiasis (5, 14, 18, 20, 25; P. Kelly, H. Hicks, J. Wofsy, and G. Healy, Abstr. Annu. Meet. Am. Soc. Microbiol. 1980, C158, p. 301). These immunoassays detect 90 to 100% of amoebic liver abscess, 80 to 100% of symptomatic intestinal amebiasis, and 10 to 50% of asymptomatic cyst passers (9, 15, 17) . Recently, enzyme immunoassays (enzyme-linked immunosorbent assay; ELISA) using microtiter plates or plastic tubes as the antigen carrier have been reported for the detection of human antibodies to Entamoeba histolytica (1, 2, 22, 24, 26) . Our laboratory has developed a simple standardized semiquantitative ELISA procedure in which the reported results are related to the presence or absence of E. histolytica antibodies at levels sufficient to be detectable by gel diffusion methods, a level which appears to be clinically significant. The assay has an objective, numerical read-out and is rapid, with a total incubation time of lh 15 min, and the E. histolytica antigen is covalently coupled to small plastic disks (8, 8a, 8b, 16) . Assay results were strongly correlated with titers obtained by AGD and CEP methods.
MATERIALS AND METHODS
The NIH 200 and HK 9 strains of E. histolytica were separately grown axenically in Diamond TP-S-1 medium for 3 days (4) . They were harvested, washed three times with cold phosphate-buffered saline (pH 7.2), suspended in 9 volumes of cold phosphatebuffered saline, pooled in equal amounts, and sonicated. After high-speed centrifugation (40,000 x g, 30 min), the clear supernatant containing soluble antigens was harvested, diluted with 0.1 M carbonate buffer at pH 9.6, and mixed overnight under constant gentle agitation with the carrier plastic disk, which contain surface isothiocyanate groups. The antigencoated disks were then washed, lyophilized, and stored at 4°C in the presence of desiccant until used.
The positive control human serum was a pool of sera from four patients containing relatively high level of antibodies to E. histolytica, initially demonstrated by AGD and CEP. It also served as a standard reference for test results. The negative control was a pool of human sera nonreactive for antibodies to E. histolytica by AGD, CEP, and ELISA.
The test procedure, other reagents, and accessory equipment to facilitate the assay have been described elsewhere (16) . All reagents were stored at 4°C and were ready for use. In brief, 5 pl of test specimen was diluted with 500 ,l of specimen diluent (6% bovine serum albumin) and incubated with an antigen-coated disk at 37°C for 30 min. Statistical analysis followed the formula described by Snedecor and Cochran (21) . Negative results from gel diffusion titration assays were given the titer at one dilution level below the lowest level tested in the titration system (23 absorbance readings disproportionately increased the coefficient of variation for both values. As will be described below, values less than 15% occurred in normal healthy subjects and were well below the cut-off point considered as indicating clinically significant levels of specific antibody to E. histolytica.
Specificity. Specificity was first studied by absorption experiments which followed the procedures described previously (16) . The diluted human serum samples (0.5 ml) were preincubated for 30 min at 37°C with 25 p1 of extracts of E. histolytica or the other antigens, with phosphate-buffered saline as control, before assay with the ELISA. The results (Fig. 1) clearly showed that the E. histolytica antigen was the only preparation able to significantly reduce the ELISA values of positive samples, indicating the immunological specificity of the present assay for antibodies to E. histolytica. The Toxoplasma gondii and rubella viral antigen preparations used were shown to be very potent in absorption experiments which used disks coated with these antigens and human serum specimens containing their respective antibodies. The E. histolytica antigen was inactive in these parallel experiments. The Trichinella spiralis antigen used was a concentrated total larval extract incorporated into a diagnostic kit that used immunodiffusion (Cordis Laboratories), and was known to possess relatively high specific antigenic activity.
Correlations between the ELISA and other serological test results. Serum samples from 236 patients with confirmed or suspected amebiasis or other diseases and from normal controls were assayed by the ELISA, CEP, and AGD methods. This was done to determine the correlation between the titers obtained by the methods and to establish cut-off points in the ELISA procedure which would be associated with positive reactions in CEP and AGD. Based VOL. 13, 1981 on December 21, 2017 by guest http://jcm.asm.org/ on these data ( Fig. 2 and 3) , ELISA values of 260% and <50% of the positive control absorbance were determined to be positive and negative, respectively, for significant antibody to E. histolytica. Values between these two levels were considered equivocal. Linear relationships were noted between the ELISA results on one hand and CEP and AGD titers of amoeba antibodies on the other. AGD showed greater sensitivity and higher correlation with ELISA than did CEP. All 151 of the samples negative by AGD were also negative by CEP, except amoeba antibodies were obtained for 99 of these samples. Their correlation with the ELISA values was also statistically significant (Fig. 4) , although not as high as those seen above with CEP and AGD. It has been suggested that indirect hemagglutination detects different immune systems from CEP and AGD for detection of amoeba antibodies (5, 18, 20, 25) .
Test results with clinically well-documented specimens. Of 23 Fig. 5A and C) . Essentially similar correlations were seen when CEP and AGD were examined after staining, except that the gel diffusion titers increased in many cases. All three specimens from normal healthy subjects were negative for specific antibodies to E. histolytica by ELISA. There was no significant difference in ELISA values among those with liver abscess only, dysentery only, and both diseases (Table  3) . Reading ofthe CEP results immediately after the electrophoresis or 60 min later gave two-to fourfold lower titers in most cases and failed to detect 10% of the positive reactions, which appeared the following day. (666) (2) 0) P0) (15) (2) (2) FIG. 4. Comparison between the ELISA results and indirect hemagglutination titer of 99 human serum samples for antibodies to E. histolytica. See Fig.   2 for explanation ofRi and R2. who had clinically diagnosed liver abscess, dysentery, or both, which were confirmed microscopically, serologically, by drug treatment, or by a combination of these to be caused by E. histolytica. The remaining three were from normal healthy subjects who were further confirmed as serologically negative and served as controls. These 23 samples were coded and studied with results from ELISA, as well as from CEP and AGD, at various times of incubation as specified in the instructions to these test sets. 
